PIDEMIOLOGICAL AND SCIENtific research indicates that diet and other lifestyle factors have a significant influence on the risk of developing colon cancer. 1, 2 However, the influence of diet and other lifestyle factors on the outcome of patients with established colon cancer is largely unknown. Patients diagnosed with cancer are highly motivated to seek information about diet, physical activity, dietary supplement use, and nutritional complementary therapies. [3] [4] [5] [6] Two randomized controlled trials of patients with early stage breast cancer have provided mixed results on the impact of dietary changes after diagnosis and breast cancer outcomes. 7, 8 In contrast, few studies have assessed the influence of diet on colon cancer recurrence and survival.
Factor analysis has been used to examine overall dietary patterns beyond individual foods and nutrients and the risk of several cancers. [9] [10] [11] [12] Specific dietary patterns have been associ-ated with the development of colorectal cancer in case-control and cohort studies. [13] [14] [15] [16] [17] [18] In 2 large prospective cohort studies, increasing consumption of a Western diet (characterized by higher intakes of red and processed meats, sweets and desserts, french fries, and refined grains) was associated with a significantly increased risk of colon cancer whereas a prudent diet (higher intakes of fruits, vegetables, legumes, fish, poultry, and whole grains) was nonsignficantly associated with a reduced risk. 13, 16 We therefore examined the influence of 2 distinct dietary patterns, Western and prudent, on cancer recurrence and survival in a large cohort of stage III colon cancer patients enrolled in a clinical trial of postoperative adjuvant chemotherapy sponsored by the National Cancer Institute (NCI). 19 Within this trial, we prospectively collected extensive data on dietary and supplement intake, height, weight, physical activity, medication use, smoking, and family history that were updated during the conduct of the trial. Moreover, because data on pathological stage, performance status, postoperative treatment, and follow-up were carefully captured in this trial, the simultaneous effect of disease characteristics and the use of adjuvant therapy could be assessed.
METHODS

Study Population
Patients in this prospective cohort study were participants in the NCIsponsored Cancer and Leukemia Group B (CALGB) adjuvant therapy trial for stage III colon cancer comparing therapy with weekly fluorouracil and leucovorin to therapy with weekly irinotecan, fluorouracil, and leucovorin (CALGB 89803). 19 Between April 1999 and May 2001, 1264 patients were enrolled in the treatment trial. A selfadministered questionnaire capturing diet and lifestyle habits was given to patients midway through their adjuvant therapy (4 months following surgical resection), and 6 months after completion of adjuvant therapy (14 months after surgical resection). As an amendment to the protocol, a survey of diet and lifestyle was activated after the first 87 patients were enrolled; therefore, only the subsequent 1177 patients were offered the diet and lifestyle companion study. The FIGURE illustrates the adherence with completion of the questionnaires and derivation of the final sample size of 1009 patients for this study. To be included in these analyses, patients had to have completed at least questionnaire 1, reported realistic caloric intake, and have less than 70 blank items (of 131) on the food frequency questionnaires (the median number of missing items was 1 for the first questionnaire and 0 for the second questionnaire). Race or ethnicity was self-reported and recorded in the hospital database at each participating center. These data were reported by each participating center to the CALGB Statistical Center.
Patients in the treatment trial (and thus this companion study) were eligible if they underwent a complete surgical resection of the primary tumor within 56 days of study entry, had regional lymph node metastases (stage III colon cancer), but no evidence of distant metastases. Moreover, patients were required to have a baseline Eastern Cooperative Oncology Group performance status of 0 to 2 (ambulatory) 20 and have adequate bone marrow, renal, and hepatic function. All patients signed informed consent, approved by each site's institutional review board.
Dietary Assessment
Patients in these analyses completed semiquantitative food frequency questionnaires (SFFQ) developed, tested, and refined by Willett et al. 2 1 , 2 2 Patients completed the SFFQ in the middle of their adjuvant chemotherapy course and approximately 6 months after the completion of adjuvant therapy. The questionnaire included 131 food items, vitamin and mineral supplements, and open-ended sections for other supplements and foods not specifically listed. Our questionnaire was modified to inquire on average food intake during the immediate past 3 months. We inquired about the exact breakfast cereal, multivitamin supplement, margarine, and vegetable oil used for frying or baking. For each food, a commonly used unit or portion size (eg, 1 egg or slice of bread) was specified, and participants were asked how often, on average over the past 3 months, they consumed that amount of each food. There were up to 9 possible responses, which ranged from never to 6 or more times per day. We computed nutrient intakes by multiplying the frequency of consumption of each food by the nutrient content of the specified portions, using composition values from Department of Agriculture sources supplemented with other data, includ- CALGB indicates Cancer and Leukemia Group B. a To be included for these analyses, patients only had to complete questionnaire 1. However, if they did go on to complete questionnaire 2 and had caloric intake exclusion or more than 70 items blank, they were not included in the analyses.
ing the components of specific vitamins and breakfast cereals. 23 We included supplements to total intake of specific nutrients. All nutrient values were energy-adjusted using the residuals method. 24 We have previously validated this SFFQ among cancer patients receiving chemotherapy. 25 
Determination of Dietary Patterns
To identify dietary patterns, we applied factor analysis to data from the SFFQ in each cohort. Food items on the questionnaires were grouped into 39 predefined food groups (TABLE 1), as previously reported. 9, 10, 13, 16 Food items similar in nutrient profile were combined (eg, spinach, iceberg or head lettuce, and romaine or leaf lettuce were combined into "green leafy vegetables"). Certain food items were not combined if their nutrient profile was unique (eg, pizza). Patients who completed the first questionnaire were included in these analyses. The median time from study entry (which had to be within 8 weeks of surgery) to completion of the first questionnaire was 3.5 months (95% range, 2.5-5.0 months). Only patients who did not experience recurrence or die before the first questionnaire were included in these analyses. To avoid biases due to declining health immediately before recurrence or death, we also excluded from analyses patients who experienced either event within 90 days following the dietary assessment (Figure) . We updated dietary exposures based on the results of the second questionnaire using cumulative averaging as previously described, 26 but weighted proportional to the time between the first and the second questionnaire and then the time between the second questionnaire and the disease-free survival period. For example, if a patient completed the first questionnaire at 4 months, the second questionnaire at 14 months, and had a cancer recurrence at 30 months, the total time between the first questionnaire and cancer recurrence was 26 months and 38% of that time was between the first and the second questionnaire and 62% of that time was between the second questionnaire and the recurrence. We therefore calculated the intake of total fruit as follows: total fruit=(total fruit at first questionnaireϫ0.38)ϩ{[(total fruit at first questionnaireϩtotal fruit at second questionnaire)/2]ϫ0.62}.
Factor analysis (principal component) was conducted using the factor procedure in SAS software (version 9.1, SAS Institute Inc, Cary, North Carolina). The factors were rotated by an orthogonal transformation (Varimax rotation function in SAS). Factor analysis aggregates correlated variables. The obtained factors are linear combinations of the included variables, explaining as much variation in the original vari- ables as possible. We retained 2 factors, based on an eigenvalue of more than 1.5 and the interpretability of the derived factors, and we labeled these 2 factors as the prudent and Western patterns, as previously described. 9, 10, 13, [27] [28] [29] [30] These terms have been extensively reported in the literature and thus were retained for consistency with other studies. The individual scores for the 2 patterns represent the values estimated for each participant based on their intake of foods and the factor loadings of the foods (ie, correlations with the patterns). Determinations of dietary pattern scores were blinded to patient and tumor characteristics and survival end points.
The validity and reproducibility of the dietary pattern scores were previously examined in a cohort of 127 healthy men. 9 The Pearson correlation coefficient for a comparison between 2 food frequency questionnaires (administered 1 year apart) and diet records (corrected for week-toweek variation in the diet records) ranged from 0.45 to 0.74 for the prudent and Western dietary patterns, respectively.
Study End Points
In this ancillary study, the primary end point was disease-free survival, defined as time from the completion of SFFQ to tumor recurrence, occurrence of a new primary colon tumor, or death from any cause. In addition, we defined recurrence-free survival as the time from the completion of the first questionnaire to tumor recurrence or occurrence of a new primary colon tumor. For recurrencefree survival, patients who died without known tumor recurrence were censored at last documented evaluation by treating physician. Finally, overall survival was defined as the time from the completion of the first questionnaire to death from any cause.
Statistical Analyses
In the treatment trial (comparing 2 chemotherapy regimens), there was no statistical difference in either disease-free or overall survival between the treatment groups. 19 Therefore, data for patients in both treatment groups were combined and analyzed according to quintiles of each dietary pattern. Cox proportional hazards regression 31 was used to determine the simultaneous impact of other variables potentially associated with outcome. We used timevarying covariates to adjust for total calories, physical activity, and body mass index (calculated as weight in kilograms divided by height in meters squared) with updating from the second questionnaire. Other covariates (including age at study entry, sex, number of positive lymph nodes, baseline performance status, presence of bowel perforation or obstruction at time of surgery, smoking history, treatment group, and weight change between the first and second questionnaire) were also entered into the model as fixed covariates. Covariates with missing variables were coded with indicator variables in adjusted models. We tested for linear trends across quintiles of dietary pattern by assigning each participant the median value for the quintile and modeling this value as a continuous variable, consistent with prior studies. 10, 29, 30 The Cox regression models were tested for and met the assumption of proportionality. A level of significance of less than .05 was considered statistically significant. All P values are 2-sided and were not adjusted for multiple comparisons.
The sample size for the cohort was determined by the clinical trial comparing 2 chemotherapy regimens for patients with stage III colon cancer. However, in a post hoc calculation of power based on the known sample size and number of events for disease-free survival for these analyses, we had 80% power to detect hazard ratios (HRs) of 0.6 (protective) or 1.7 (detrimental) and 95% power to detect HRs of 0.5 and 2.0, comparing the highest with the lowest quintiles.
Patient registration and clinical data collection were managed and analyses were conducted by the CALGB Statistical Center. All analyses were based on the study database that was frozen on March 7, 2007 .
RESULTS
Baseline Characteristics
Study participants were drawn from a multicenter study of postoperative adjuvant chemotherapy in patients with stage III colon cancer who underwent a curative-intent surgical resection. We identified 2 major dietary patterns with the factor analysis procedure. The first pattern (prudent) was characterized by high intakes of fruits, vegetables, whole grains, legumes, poultry, and fish and the second pattern (Western) was characterized by refined grains, processed and red meats, desserts, high-fat dairy products, and french fries ( Table 1) . For both patterns, the higher scores (and thus higher quintile) are indicative of higher intake of that particular diet. Of note, prudent and Western patterns were not correlated (Spearman correlation coefficient r =0.02).
Higher prudent pattern scores were detected in patients who were more physically active (both at the first and second questionnaire), had lower body mass index 6 months after adjuvant therapy (second questionnaire) and less likely to currently smoke cigarettes. Females also tended to have a more prudent dietary pattern. Higher Western pattern scores were seen in men, whites, and past or current smokers. Physical activity levels recorded 6 months after adjuvant therapy did not correlate with the Western dietary pattern, although patients with higher Western pattern scores were relatively more active than those with lower Western pattern scores during adjuvant therapy (first questionnaire). In contrast, other characteristics, particularly tumor characteristics known to predict prognosis, did not vary significantly by quintiles of either dietary pattern scores (TABLE 2  and TABLE 3) . Similarly, weight change between the first and second questionnaire was not significantly associated with either pattern.
Western Dietary Pattern and Cancer Recurrence or Death
The median follow-up from the time of completion of the first questionnaire was 5.3 years. In total, 324 of the 1009 patients included in this analysis had cancer recurrence, 223 patients died with cancer recurrence, and 28 died without documented cancer recurrence.
The predefined, primary study end point of this analysis was disease-free survival (cancer recurrence or death from any cause). Higher intake of a Western dietary pattern among patients who survived without disease progression 3 months after completion of the first questionnaire was as- e Calculated as weight in kilograms divided by height in meters squared. f Change in weight between questionnaire 1 (within 4 mo of surgery) and questionnaire 2 (around 6 mo after completion of chemotherapy). g Some persons able to carry out light work but others unable to carry out any work activities (Ն 50% of waking hours). h Level of invasion through the bowel wall not beyond the muscle layer. i Level of invasion through the bowel wall beyond the muscle layer.
sociated with a significant increase in the risk of cancer recurrence or mortality ( e Calculated as weight in kilograms divided by height in meters squared. f Change in weight between questionnaire 1 (within 4 mo of surgery) and questionnaire 2 (around 6 mo after completion of chemotherapy). g Some persons able to carry out light work but others unable to carry out any work activities (Ն50% of waking hours). h Level of invasion through the bowel wall not beyond the muscle layer. i Level of invasion through the bowel wall beyond the muscle layer.
highest quintile of Western dietary pattern were excluded, the adjusted P for trend was .001.
To isolate the influence of Western dietary pattern on cancer recurrence, we used the end point of recurrencefree survival and confirmed that higher intake of a Western dietary pattern conferred a significantly increased risk in cancer recurrence (P for trend Ͻ.001; Table 4 ). Patients in the highest quintile of Western dietary pattern were 2.9 times more likely to recur than those in the lowest quintile. Similarly, we observed a significantly higher overall mortality with increasing Western dietary pattern (adjusted P for trend Ͻ.001).
To address the possibility that changes in dietary habits could reflect occult cancer or impending death, we excluded patients who developed cancer recurrence or died within 90 days of completing the first questionnaire in our primary analyses. To further address this issue, we repeated the Cox proportional hazard models after excluding patients who developed cancer recurrence or died within 180 days of completing the SFFQ (n=965) and our results remained largely unchanged in this subset. Patients in the highest quintile of Western dietary pattern had an adjusted HR for cancer recurrence or death of 3.58 (95% CI, 2.19-5.85), with an adjusted P for trend across quintiles of less than .001. Moreover, the adjusted linear tests for trend for cancer recurrence (recurrence-free survival) and overall mortality (overall survival) were both less than .001. Alternatively, not imposing this restriction and starting the disease-free survival from completion of SFFQ (n=1035), the adjusted HR is 3.29 (95% CI, 2.09-5.17; P for trend Ͻ.001), comparing the highest with the lowest quintiles.
Prudent Dietary Pattern and Cancer Recurrence or Death
We similarly examined the association of prudent dietary pattern (categorized by high intakes of fruits, vegetables, whole grains, legumes, poultry, and fish) on cancer recurrence and mortality (TABLE 5) . In contrast to the Western dietary pattern, the prudent dietary pattern was not significantly related to patient outcome. The adjusted HR comparing the highest and lowest quintiles of prudent dietary pattern was 1.20 (95% CI, 0.83-1.75) for disease-free survival (P for trend = .78). Similarly, no relationship was seen for recurrence-free survival (P for trend = .84) or overall survival (P for trend=.54) across intakes of the prudent dietary pattern.
Stratified Analyses by Potential Effect Modifiers
In light of the significant relationship of Western dietary pattern to cancer recurrence and mortality, we examined the associations with Western dietary pattern across strata of other potential predictors of patient outcome (TABLE 6). The effect of the Western dietary pattern was not significantly modified by age, sex, body mass index, level of physical activity, baseline performance status, number of positive lymph nodes, or treatment group.
As prudent and Western dietary patterns are not correlated, we considered simultaneous effect of Western and prudent diets on disease-free survival. When we added the prudent diet into the multivariate model for the Western diet, we continued to observed a significantly worse outcome with increasing intake of Western dietary pattern (P for trend for disease-free survival Ͻ.001). Furthermore, the prudent dietary pattern did not modify the effect of the Western dietary pattern (P for interaction=.69). a Median follow-up of patients 5.3 years from completion of questionnaire 1; 5.6 years from trial entry. b For both patterns, the higher scores (and thus higher quintile) are indicative of higher intake of that particular diet. c Does not account for energy adjustment. 
COMMENT
In a cohort of patients with stage III colon cancer treated with surgery and adjuvant chemotherapy surviving without cancer recurrence 3 months after the completion of a SFFQ, increasing consumption of a Western dietary pattern after diagnosis was associated with an increased risk of cancer recurrence or death. Compared with patients in the lowest level, those in the highest level of Western pattern intake experienced a tripling in risk of recurrence or death. In contrast, the prudent dietary pattern was not associated with survival outcomes after curative resection of stage III colon cancer. Epidemiological and scientific research indicates that dietary factors are associated with the risk of developing colon cancer. Consumption of red meat, [32] [33] [34] [35] [36] alcohol, 37, 38 calcium and vitamin D, [39] [40] [41] [42] [43] [44] vitamin E, [45] [46] [47] and folic acid 37, 38, 48, 49 are among diet components that appear to influence the risk of developing the disease. Individual components of the diet interact with each other and confounding can make identification of a specific food or nutrient difficult. Pattern analysis may provide additional insight that takes into account the combined effects of foods. Specific dietary patterns have been associated with risk of colon cancer. [12] [13] [14] [15] [16] Few studies have assessed the relationship between diet and colon cancer recurrence and survival. In one small study of colon cancer patients, Slattery et al 50 observed an improved survival with increasing consumption of calories, fat, and protein. By contrast, higher fiber intake was associated with a decreased survival. Among 148 patients with colorectal cancer, Dray et al 51 reported improved survival with increasing consumption of calories. Unfortunately, both of these studies were limited by their small samples size, heterogeneous patient population that included all stages of disease, inability to adjust for cancer treatment, and limited capacity to adjust for other prognostic factors. Ultimately, the positive relationship between energy intake and cancer survival observed in both of these studies may have reflected the inclusion of patients with more advanced disseminated (stage IV) cancer whose caloric intake was compromised by their burden of cancer.
There are several advantages to this cohort of stage III colon cancer patients treated within a NCI-sponsored clinical trial. First, all patients had lymph node-positive cancer, reducing the impact of heterogeneity by disease stage. Second, treatment and follow-up care were standardized, and the date and nature of recurrence were prospectively recorded. Detailed information on other prognostic variables were all routinely collected at study entry. Finally, we updated dietary data to reflect changes in diet that may occur after patients completed adjuvant therapy and have recovered from treatment effects.
Our observation that the Western dietary pattern but not the prudent pattern are associated with cancer recurrence and mortality is consistent with most risk studies primarily showing a relationship between the Western pattern and development of colon cancer. [12] [13] [14] 16, 52 Moreover, consistent with other studies, the Western and prudent patterns were not correlated in our cohort. Western dietary patterns are positively correlated with levels of serum insulin, C-peptide, and leptin. 53 Both insulin and insulinlike growth factors have been associated with enhanced tumor growth and antiapoptosis. 54 Following resection of stage III colon cancer, increasing Western pattern intake may facilitate a milieu that allows residual microscopic disease to proliferate and spread. Patients who enroll in randomized controlled trials may differ from the population at large. To participate, patients must meet eligibility criteria, be selected as an appropriate candidate, and be motivated to participate. However, we did observe reasonable variability in dietary intake among participants. Moreover, because the study included patients across North America, as well as both community and academic centers, our findings should reflect the general population of stage III patients.
We cannot completely exclude the possibility that higher intake of a Western dietary pattern may be reflective of other predictors of poor prognosis. However, we did not observe any significant association between diet and predictors associated with cancer recurrence or survival (extent of invasion into bowel wall, number of positive lymph nodes, clinical bowel perforation or obstruction, preoperative carcinoembryonic antigen levels, grade of tumor differentiation). Given that patients were enrolled in a clinical trial, they all initiated fluorouracilbased adjuvant chemotherapy after surgery, thus cancer treatment was standardized. Moreover, the detrimental effect of a high intake Western diet remained largely unchanged across the number of positive lymph nodes and baseline performance status. We recently reported that regular physical activity improved outcomes in this cohort, 55, 56 however, the relationship between the Western dietary pattern and outcome was similar across levels of physical activity.
We considered the possibility that sick patients (with undetected cancer recurrences and limited survival) may have altered their diet to one that may be less healthy to increase nutritional intake. To minimize this bias, we excluded recurrences or deaths within 90 days of the physical activity assessment in the primary analysis. Furthermore, we continue to see an association even when we extended this restriction to exclude events 6 months after dietary assessment. Finally, because all patients were followed up in a clinical trial with prescribed follow-up visits and testing, we would expect few patients to have undetected recurrences over extended periods, given the relatively brief natural history of recurrent colon cancer.
Given that patients who have a high intake Western diet after cancer diagnosis may have had a similar diet before diagnosis, we cannot exclude the possibility that individuals preferring a Western diet acquire tumors that are biologically more aggressive. Nonethe- a Adjusted for sex, age, depth of invasion through bowel wall (T1-2 vs T3-4), number of positive lymph nodes (1-3 vs Ն4), presence of clinical perforation at time of surgery, presence of bowel obstruction at time of surgery, baseline performance status (0 vs 1-2), treatment group, weight change between first and second questionnaire, time-varying body mass index, time-varying physical activity level, and time-varying total calories. b For both patterns, the higher scores (and thus higher quintile) are indicative of higher intake of that particular diet. c Calculated as weight in kilograms divided by height in meters squared.
less, as stated above, we did not observe any significant association between a Western dietary pattern and tumor-related characteristics associated with cancer recurrence. Moreover, the associations of a Western diet were largely unchanged across strata of other prognostic factors.
Diet was self-reported in this study. The SFFQ from this study has been extensively validated in healthy populations 21, 22 as well as a population of patients receiving cytotoxic chemotherapy. 25 Diet was recorded prior to any knowledge of colon cancer−related outcomes, thus reducing the likelihood of reporting biases.
Studies have shown an improved disease-free survival among patients who receive adjuvant chemotherapy following the surgical resection of stage III colon cancer. This is the first study, to our knowledge, in a potentially cured population of colon cancer survivors to address the effect of diet. Because this was an observational study, causality cannot and should not be drawn from these data. Nonetheless, the data suggest that a diet characterized by higher intakes of red and processed meats, sweets and desserts, french fries, and refined grains increases the risk of cancer recurrence and decreases survival. Further analyses are under way to better delineate specific nutrients or food groupings that may have the strongest association.
